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(57) Abstract 

PROBLEM TO BE SOLVED: To prevent a control circuit 
from being broken without increasing costs, complexily, 
and power consumption, by controlling a coil current of 
a stator coil winding of a multi-phase DC motor, and 
eliminating or reducing current and voltage spikes being 
generated during commutatmn. 

SOLUTION: A stator col winding 10 of a brushless DC 
motor performs Y-type connection and successively 
connect edge parts VA, VB, and VC of a cofl A 14, a coil 
B 16. and a coil C 18 of a three-phase coil vyHnding to a 
high- voltage side driver or a k>w-voltage side driver. 
Then, cun-ent flows from the coil A 14 to the coil C 18 
after a high-voltage skJe commutation. And then, current 
flows from the coil A 14 to the coil B 16 due to a 
low-voltage side commutation. In this case, the 
low-voltage side commutation performs control so that 
the current of the coil B 16 increases from zero to a 
constant level as the cun^ent of the coil C 18 decreases 
to zero. Also, the high-voltage side commutation 
performs control so that the current at the coil A 14 
decreases to zero and at the same time the current of 



the coll C 18 increases to a steady level from zero. 
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m^<D^m] iHigtti^^^xs^teESt (DC) ^- 

0iJl«> 3teDC^~>5^^(D^t@DC^->^$rf1JffiL 
ISSy^^- (platter) S:[e]^$•^TV^'5o - 

[0 0 0 3] mb^tlDC^— ;^7^ 

5o 3f^»ffl^i-. urn :dmi>(o 

i>b^\^. |gla^/^^/c^lm2a^;l.§:^^LT»^Lt^6 
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I0 0 0 6J Hic^fc. mry=^i—y^:t-V(o^^ 
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50 /^sr;^^tT^^tn5m^^l$rS^J■r5<}: ^icsiji^-r^o at) 



(4) 

5 

MmMtLXimi-^tm^. ifEiltjKy-Y/^A (HS 
DA) 2 2lC^'^$n5cOX% mEMVccf-iloT^ 
;t^ftfcfiMj6\ S^^LT. y-KVcO 
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8;6^^)A3t^/l/l 4^ ; B=i^/Vl 6y6^bA:3^/i/ 

;5o 3tiDC^-^oi!if^lc*5V>T. 

x\t. B=2y(;\-i 6<Dm2mu\ ^ri(Di^}£mvy^ 

'^^mo'y-'^i^:^^. mi. 2. 3{c1].t:1-5o IfiEiW 
m^^bo m7L\'l. ii5EEfil!ieM>d5A=r>f/H 4d^bC3 50 



1-113 2 8 2 

6 

mS£(^aEn;d5«^Z:$ti^) J: 5 l-^it^o ^<D^o ^jt^Kfig. 
iP*?fi5S^SrEl4jOT^i-o 

[0 0 15] llIl(;l^3V^r. mi'&'^'^m^^yVu-jv 

mi^i2\x^ %E.muM^^^x%i'i^miim'^^Mc 

;^x-:^^#jBi oi;:fe^$n^)o ^<o%i'^%W(^ 
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DA2 2^5|3:jtbnTv>^o ::<7)ig:iEmt-«s lsd 

C24, ■fe>';^FET C26, iHiS|§ 2 5 i: F E T 2 

ji^3o, 1^>>^/vii^iil§3 4, =tvx>'1^;^-r 5/^2 

0, :feJ:t)«;!^tf>'K/v=iVx>'i^3 6;55|3^*tbturv> 

[0 0 16] mm^. nKmummofz^m^. ;^>r ^ 

UTf^fil1-SHSDA2 2:65, 10V^^<O^—Y 

Kmw^^^h\^^-DX^ oNi:?^i;5o ro^^-^-hmiE 

cc=i;i<t6l;»ft/5\ HSDA2 2oy— ;^$rMrm<^ 

4fD®2$gg3l::Wj^$ix6<J:5J-'^So 
[0 0 1 7] ^fn^^P^^^ibf^LTV^aF^IC. LSDC 
2 4^;ffiV^T. HSDA2 2;6*f>An^/H 4:^^t;5C 

n></n 8^tti&$nfcmat^«^j-r2)o roL 

SDC2 4$r^V^T. B::3^7V(0^2i^^JC^>g^^tL/c 
^^JEiB!) Yy^ ^< m 1 l-lil^^^n-f ) bT> B 

rcDfl;at^«^J-f"5o LSDC2 40>5r— h • 

:^ijEir. mmm^^^2 s(om:b\cxoxum'r^o :i 
tt. m 1 ^'^'^m=^ h n -^1-028 1 2 om^^^m-ffc 

^ ^ > ,<zt<Ofi\(Om.-k^M^^tmz. LSDC 2 
[0 0 1 8] ■fe>;^FET C26^fflV^T. I 
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0}jT'd::iOii*i^2 5$r. Kx^^^^^^^T^^Jsfe-f- 20 

[0019] LSDC2 4*5j;t)«-t>';^FET C26 
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[0 0 2 0] S!pii<i:8l2 8tCj:->T. iREF-tl 
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ht. LSDC2 4lC^^$n5o r<D>{r*-h®ESrfP 

•fSo LSDC240>f-h • y-;^mJE^^ 

<DmM^-^immmi-^!i^^m-hy) . t^or. lsd 

LSDC2 4<D^—VW£^m^i~^(DX\ ^(^^ 
[0 0 2 1 ] mm^A=i-(jUl 4tC=i4^l'l 8|rgT 
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>^>'VtHig:gg3 4^3j:T>*=3>x^^f-;=^-f s/'^2 0 4r^LT 
Cr3^yK^^2$^gi5--^^^5o ^ (7)f->'y'>±i^Ji^ 3 

4ii. ^N>:7r. ^fclir^yi^-i^3:^ (UBS) ifi« 
^iRfil=i>hn-/V[H]?Sl 2 0^^P--cDlH]^(ci;oTW 

mut<om\^^^^^mmm.ti (bemf) srsy^-t-5 
zh\^x^xm^^^:Lti)^x^^o -MMm^^^ti 

Its rrr— i^^J^^hn-zHf^Sr, rc^BEM 

n>'x>f*x^ 5/5^2 0:6Sg!*&ajj:fe5»Kf. 

^ K/ixn^^T^^-f- 3 6 LT. ^Eiiyomffis in • 
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T. I Ac^^^^^-zv^'^'^^L/cmMffl (I 

m^. :znh2-D(Dmmm(Dm\^-m'^^6mti^^^'t 

tt. Hi-. iE<oa3:^fi-i-d?LSDC2 4 0^*-Mc*jt& 

mi-ctoX. LSDC2 40-5^-1^ • y-;^fl|jE 
T::/f*3 6y&5y"-KVc:r^l-!9:ttbn. ^<0®E*-r3fE 

[0 0 2 3] m^^fumwik. z<D^mt. m i i^i/T^ u 
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Vo^s 4->--/vK±i*i^4 2(D^fe$^^|2:^*&-t-5o r 
02}^-/VKit<'I^4 2<7)#^^^T-^s /-KVot L 

^fc. ^i:^i!^4 4^. =i>'x>^f-;^-r iy^2 1 ^^rt 

^IEl-t§::^-r5o rc03^-;vKii*i:g^4 2c^ai;^^. L 
SDC2 4<D'ir— bi:'fe>^;^FET C2 6 IC^J&I"^ 

6o ^2^oT. ::c^^mSLi!^4 4iei<toT;^t'>^K>'V=2>^ 

<g;iEffly!gatS2^titi:8S4 6{::^^$nsm 
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^t/-fe:/;^FET B4 8$r, v> b ^ y-«j*i:,U 

10 LSDB5 2f--\r^/V|g^x "fe^-^^FET B48 

(D^^^/v<jS <i: 19 ;6^^j: < $fe^^-r ^) w i: t;i J: o 
3S.-T?#eo Iil2lc^Lfc<t5t-. lffi:7;^pr;d5LSD 
B5 3COKW>'^*t>;^FET B4 8 tOHJr^tt 
ii<i§^5 3 t FET4 9 LSDB53 
OKl^^Vt*fe>'^FET B4 S t(Df^<DMJ£y:t^ 

TtLxm^^tixm^^fixv^^o t&EEmmm^mm 

i:ir:^>^FEB B4 8 ^$r. mSt l rei-^s I 

ji^m^\:iXoxm'0x%^^o\^s &mmmu3 0K^ 

oT^^^HSo >^-->'VKii*il^4 2(om;^{;i<J:or0J 
I . . „ , .od^l^MLTM^^-rSO 
T% <g;iEffiyteStS2pii()S^4 6tcJ;oT. ffi»it I 
..^.•sirlBa:^. tt^ao, I^NPlr, L S D S 

5 2 0<^*-h * y— >^mmi:ir^/:^FET B4 8 i:^ 

X. X^1^<(0WMtiK ±'y:^FET B4 8i:LSD 
B 5 2 t ^'i^X^tin^o 
30 [0 0 2 8] ^m^U4 4i,cX'oX. ;^ hVV:3 

jz^^.c^'i^^xvf-;^-!^ y^2 i^^mm'^mx'i^^ti^o 

Vcl-»5l^*f LV^^^I^^B^^^. LSDC240^-h- 

40 Lmn^(ox\ m^i oil. roi . . .cicftio 

[0 0 2 9] 03tt. m2^^H^ffi3y bn-yvniKe 

m5X7r^L±m3^m^mt>i-o z<Dm2'&nvt 

50 J:5{cU wn{J:J:oT. S^mcfi I AB^d^An^/n 
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10030] HS DA 22 Sr. Vcd-ft^^ tXfe^ 

4<D||2dSg|S-s^j^t- ^>o HSDA2 2(e:^oTy-K 

;v[B]^§6 2 0ii;bP(DiEl?S;65. y-KVET-Bn^/wo^, 

L SDB 5 2 t'fe>;^FET BA^h^.W£y 

[0 0 3 1] ^mmmmmm^m^^ e kxox. i 

-r^o r(7)tH;tlf§■^S:^v^T. LSDB5 30>/-K• 
y— ;^®E^:-fe>^;^FET B4 Stt:^>h^—J\^'t 
6o r©igS{P!liKSitS»ti*ill4 6tCj:.oT. Ire^ 
oftSr. Smmat^3 0^^ipl;r^t=i:/bn-/Wt^t 

. . « . • J: M(2:iE«^ai:^ift-§-Sr^^ 
-r^o I 20 

I s = ws = B^d5/h$<?!3:<5o w(0^2^«: 

[0 0 3 21 m»£l ab;^^ A^^f/Vl 4 i:B:3^yH 

f-3 6(i, nVT^vi^;^^ s/f^2 3 i:f':/:7'/^*i*i^3 
5$r:frUTy-KVAl-l£-&$.n5o i^>^:7VV'ii*i^3 30 

[0 03 3] ^ 4 tt. iSEi^e^lHlJS 6 4 Sr^t>i-lH}IS 
rcOigmiIISiffi®K6 4$r^tJ^LT. i^IEiR!l$c^;65||^T 40 

Eft'Jgtfic. :*rc(ite^4^i-> y-KVB^-*3^:t^Ba^ 
yvi 6(?:)^2$S8g|5S:^LT^^$tifclElK{is ^3111^ 
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[0034] HSDA22 (D^- V ^^^-yl' K±i*SS 
5 0(Oai;tilJ:)fe'&'r^-*> rcD/)^-;^Kti♦iS&5 OO 
5e«^-Sr. HSDA2 2(oy-;^i^i:«)g'&i-«>o * 

fc. :iOJj^-y^Kl«*S^5 0O|^^«T-Sr. m»fti!l7 

V1^ 3 6 ii^, ^--jv Y^^^ 5 0 (O^RmMl'\^^ 
j^ii^^n^nxm. r(^«JE.Sr. m»SJ!17 2t;iSSL 

[0 0 3 5} §S)> HSDA2 20<5r— lOVO 
r<DiEjS:KffiH:, mStil 7 2 tc^H LT. ;^tf 

[ 0 0 3 6 ] . y - K V A L^S^S^as^^g I A $r« 

SJ:5t-S)f^^6o SlEiB!lK7>r^<C (HSDC) 6 6 

i--5o wCOHSDceeii, i o vy— hmiESrStts 
z.<omm^X^x^ ;::oHSDCd2;^>r s/^i: LT^Ife 
X^5J:5(-^j:*?> ro^^tLT. c-n^/n8Sr 
^LT, KW>';6^by--:^^l;»ftS:s^t-Ci^d5T^ 

[0 0 3 7] Ig]5(l, A^^^H 4CD;^T— i^l:2ift 
I A, Ba^>^l/1 ecDJ^X-'iJ'Sijft I :B<ttKCr2^ 

ffiisimu ;^x-h2tt; [2l2cDlHl?S(Cj:oT^ife^ 

fc\B]^\z.x^xm^^fc\t^±^tifcmmmjt^i-^- 
;^r-h4fi, m4(om^\^x^x^^^titLmM 
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[0 0 3 8] ^<D^^ ^y^^mmt^^mbt^^ji^o^^^ 

SrSrati^S<t5^-liI/T:^t^TV^5o ^fc. BSi 

I b2!)5:^<^V^>'K 43<tt)^I c^^-^n LT 
fS«I^^4't-. I A, Ib, I o^^^^-^S/cfelilfflV^ 

[0 0 4 0] ig 5 <07^f— h 2 *3il>'^X— h 4 

[0 0 4 1] titoT. ±^&L/cfiJ,^.^ 

6o ^^c. FET. ip-b. n»^^m\yl^ 

^y%^^^mm\^X%'^\^1t%\ rntiiPS^^tLSt 

[0 0 4 2] ^/c. ^w^%mxm^^'Am\.fz^if^s 
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|ill{C^L7h1^>':/;Vt|fi^3 4f"j:. :oL-yf-y^:K4y 

^2 o^cE^Lrv^-5^^ r.c7){-^>3 i^i. ffiox^^^C ;^ 
[0 0 4 3] jEA±<^U^P^|;i§iLT. JEtii. i^TO^l^M 

(1) ^ftDC^— ^CC>:3^/VC0;^/W1/- 

>r /v*<Dm 1 ii»K*5 iij!^ 2 /v4»om 2 i;at^^«j 

(^^2 a>r/V(0^2«gpSr. Jtri2«i)ft^«^ji-;5m2 =1 
^^^^y-fh ; r (7)^3=1^ /Wen, ttrlE-fe:^i$'-iJ^i/ 

:7'i^:^^^n7h^ii^^^. ttifemsm^fc^^^j-r^^ 

3 a^/ui&jEiRll K7>r^^l-I§'^^i^fc^2i^^i: 

L> ;i<om2m^^-^t'-^M^i^$'^v ::rTmimMri 

:ic7)m3m^t^ffi^i:^o^:/j:»9 ;mm%zmMkmM 
30 -rs^^Xi/:/^ ;StrlE»l ri-Y>'Vco^il;»S^«^>^^ 

^:^iit ;ifllE^2a^/KD^2^a5§:. mMftiteffi* 

2 3>r/v/^6jE{WK7>r^N*i-)fe-^u ^u%\mM^'^^ 

[0 0 4 4] (2) Ml-. MlB^2=r^/V(D^2iSgS|5 

40 J:T>*^2m^ft^^*J1-^. ^ 1 ^gBSSc<o;^fc 

(3) fifllBf-VT'y ViJ^*mmSr±i:*c$^'5"- . 

fc. m2«iE«co:^?£o 

(4) fIi^^£EE^|yfess^^^T-rs;^T3/7•^;:43v^T. 

\z.^^x^-7Lhfifzv-vx%rr\.ti. ^3«iE«(D:fr 

[004 5] (5) atiiE1f>:7'y>'>/ljES:, -^o 
50 v-Yx^±^^tL. ^4«isifeo:*fto 
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(6) t^mmmmj£-f>yv>'^*:^Tyy'\^. 
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